We present the analysis of the stellar content of NGC 2282, a young cluster in the Monoceros constellation, using deep optical BV I and IPHAS photometry along with infrared (IR) data from UKIDSS and Spitzer-IRAC. Based on the stellar surface density analysis using nearest neighborhood method, the radius of the cluster is estimated as ∼ 3.15 ′ . From optical spectroscopic analysis of 8 bright sources, we have classified three early B-type members in the cluster, which includes, HD 289120, a previously known B2V type star, a Herbig Ae/Be star (B0.5 Ve) and a B5 V star. From spectrophotometric analyses, the distance to the cluster has been estimated as ∼ 1.65 kpc. The K-band extinction map is estimated using nearest neighborhood technique, and the mean extinction within the cluster area is found to be A V ∼ 3.9 mag. Using IR colour-colour criteria and H α -emission properties, we have identified a total of 152 candidate young stellar objects (YSOs) in the region, of which, 75 are classified as Class II, 9 are Class I YSOs. Our YSO catalog also includes 50 H α -emission line sources, identified using slitless spectroscopy and IPHAS photometry data. Based on the optical and near-IR colour-magnitude diagram analyses, the cluster age has been estimated to be in the range of 2 − 5 Myr, which is in agreement with the estimated age from disc fraction (∼ 58%). Masses of these YSOs are found to be ∼ 0.1−2.0 M ⊙ . Spatial distribution of the candidate YSOs shows spherical morphology, more or less similar to the surface density map.
INTRODUCTION
Young embedded stellar clusters are an active star-forming site, where pre-main sequence (PMS) massive and low-mass stars are formed together, and evolved over timescale of few million years (Lada et al. 1994; Lada & Lada 2003) . Multiwavelength studies of these young stellar objects (YSOs) provide unique opportunity to understand their formation, evolution over time, circumstellar discs including planet formation in their discs, environment induced formation scenario and history (e.g. Carpenter et al. 2001; Kenyon S., & Hartman 1995; Evans et al. 2009; Lada et al. 2010; Jose et al. 2012 Jose et al. , 2013 Samal et a. 2015) . Highly uncertain issue of contamination from foreground and background population could be minimized from YSOs excesses at near-IR and mid-IR wavelengths and observations of close reference field at similar depth Megeath et al. 2004 ; ⋆ E-mail: somnath12@boson.bose.res.in (SD) Flaherty et a. 2007) . Such contamination could be further narrow down through spectroscopic observations in the optical and near-IR wavelengths (Hillenbrand 1997; Briceno et al. 2002; Luhman 2004; Rebull et al. 2010; Herczeg & Hillenbrand 2014 ).
We present here multiwavelength studies of the embedded cluster NGC 2282 (α2000 = 06 h 46 m 50.4 s δ2000 = +01 0 18 m 50 s ), a reflection nebula in the Monoceros constellation. It is located in an isolated molecular cloud of few thousand solar masses (Horner et al. 1997 ). The cluster is about 3 o away on the sky from Mon OB2 and is probably associated with it. NGC 2282 has been listed in the several sky surveys of reflection nebulae (Van der Bergh 1966; Racine 1968; Kutner et al. 1980; Chini et al. 1984) , and is also listed in the surveys of Galactic H ii regions as BFS 54 (Blitz et al. 1982; Avedisova & Kondratenko 1984; Fich 1993; Kislyakov & Turner 1995) . The distance of NGC 2282 was estimated to be 1.7 ± 0.4 kpc, which was mainly based on the spectral type (B2 V) of the brightest star HD 289120 in NGC 2282 (Racine 1968; Avedisova & Kondratenko 1984) . So far three optical sources were classified towards NGC 2282, namely V507 Mon, HD 289120 and EQ 0644.3+0121, of which, V507 Mon was identified as a spectroscopic binary (Wachmann 1996) , while HD 289120 as the illuminating source to the reflection nebula (Horner et al. 1997) . EQ 0644.3+0121 was noticed as a faint nebulous source in the Palomar plates (Petrossian 1985) .
The cluster properties of NGC 2282 were first studied using JHK-bands data by Horner et al. (1997) . The authors estimated the cluster age as ∼ 5−10 Myrs based on the fraction (9%) of infrared excess emission sources, and its association with the parent molecular cloud. Horner et al. (1997) found a core radius 0.19 pc and a cluster radius 1.6 pc at 1.7 kpc distance, by radial profile fitting of K-band data with different models. Following the method of Lada et al. (1994) , the authors further estimated a variable interstellar extinction in the cluster region, which showed a maximum value of AV ∼ 6.7 ± 0.4 mag towards South-East part of the cluster centre, while quite low value of 1.6 ± 0.4 mag at the cluster centre around HD 289120.
However, the fundamental parameters of the cluster are c 2015 RAS, MNRAS 000, [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] still not clearly understood; requires proper identification and characterization of the PMS sources present in the region. Due to the absence of spectroscopic or longer wavelength (e.g., disc and envelope sources seen at λ > 2.2 µm) or accretion signature indicator (e.g, emission line stars seen with Hα emission) observations, the identification and evolutionary status of the PMS sources in the region could not be studied so far. Now with observations from Spitzer Space Telescope, in combination with deep JHK data from UKDISS survey and Hα photometric data from IPHAS survey, it is possible to make a more reliable membership census of the cluster by identifying its young stars with accretion discs and cold envelopes. In conjugation with deep optical photometric data the identified PMS can be better characterized (e.g., mass, age) by comparing their positions on the HR digram with the theoretical evolutionary models. The characterization PMS stars are essential to derive the cluster properties and to understand its star formation history (e.g., Lada & Lada 1991; Persi et al. 1994; Tapia et al. 1997; Ojha et al. 2004) . We therefore studied the cluster with multiwavelength photometric data to have a better picture on the cluster properties and star formation activity.
In this paper, we have estimated the basic properties of the cluster using deep optical/IR imaging and optical spectroscopic observations. We have identified and classified YSOs based on their IR excess emission in near-IR and mid-IR data as well as their Hα emission line properties. We have characterized the YSOs based on various colourmagnitude diagrams. Optical/IR colour composite image of NGC 2282 is shown in Fig. 1 . These optical observations were taken by us using narrow-band filters at 5007 Å[O III] (blue), 6563 Å[Hα] (green) and 6724 Å[S II]) (red). While IR colour composite image is made using UKIDSS K-band (blue), Spitzer 3.6 µm (green) and 4.5 µm (red) images. Section 2 describes our observations and archival data sets used for the present study. Section 3 deals with our analyses and results that include spectroscopic study of 8 optical bright objects, identification and classification of the YSOs. In Section 4, we discuss the cluster properties such as ages, masses, spatial distribution etc. In section 5, we summarize our main results of the work.
DATA SETS USED

Observations
Optical Photometry
The CCD BVI observations of the cluster were acquired using the 1.04m Sampurnanand telescope (ST; Sagar 1999) at Nainital, India during 2007 December 14. The log of optical observations is shown in Table 1 . We used a 2048×2048 CCD Camera having a pixel size of 24 µm and field-of-view (FOV) about 13 ′ × 13 ′ with a plate scale of 0.37 arcsec pixel −1 . The gain and read out noise of the CCD are 10 e − /Analog to Digital Unit(ADU) and 5.3 e − respectively. The observations were taken in 2×2 binning mode to improve the signal to noise ratio (SNR) and the average FWHM of the stars were ∼ 2 ′′ . The observations were taken in short and long exposures to get a good dynamic coverage of the stellar brightness. Along with the NGC 2282 field, standard stars in the SA 92 field (Landolt 1992) were also observed at various airmasses on the same night.
The raw CCD images were cleaned using IRAF 1 software following bias subtraction, flat fielding and cosmic ray removal. The identification of point sources was performed with the DAOFIND task. Following Stetson (1987) , we have used the roundness limits of −1 to +1 and sharpness limits of 0.2 to +1 to eliminate bad pixels brightness enhancements and the extended sources such as background galaxies from the point source catalog. The photometry by PSF fitting was done using ALLSTAR task of DAOPHOT package (Stetson 1992) . The instrumental magnitudes were converted to standard magnitudes following the procedure outlined by Stetson (1987) . A total of 13 stars of SA 92 field were used to estimate atmospheric extinction and transformation coefficients. The estimated extinction coefficients in B, V and I are 0.307 ± 0.014, 0.185 ± 0.005 and 0.108 ± 0.008, respectively. The final transformation equations used for photometric calibrations are
where B, V , I are the standard magnitudes and b, v, i are the instrumental magnitudes corrected for the atmospheric extinctions for the airmass given in Table 1 . The error of final magnitude measurements are obtained by propagating the uncertainties in extinction measurements, standard coefficients and profile-fitting photometry etc. The profile-fitting uncertainty is estimated from the gain and read-out-noise of CCD camera, and background level of an image etc. Fig. 2 shows the standardization residuals (∆) between standard and transformed V magnitudes, (B − V ) and (V − I) colours of standard stars as function of V magnitudes. The standard deviations in ∆V , ∆(B − V ) and ∆(V − I) are 0.024, 0.019 and 0.023 mag, respectively. Finally, we estimated optical magnitudes of 1379 objects, which are detected in two or more bands with a limiting magnitude of V ∼ 22 mag.
The world coordinate system (wcs) coordinates for the detected stars in the frame were determined using 20 isolated moderately bright stars with their positions from the 2MASS point source catalogue (PSC) (Curti et al. 2003) , and a position accuracy of better than 0.3 ′′ has been achieved. We used IRAF tasks ccf ind, ccmap and ccsetwcs to achieve the above astrometric solution.
Slit Spectroscopy
We obtained optical spectroscopic observations of 8 bright sources within NGC 2282 using HFOSC of 2m Himalayan Chandra Telescope (HCT), India (Prabhu 2014) . There observations were acquired using Grism 7 (3800-6840 Å) with a resolving power of 1200 and a spectral dispersion of about 2.9 Å per two pixels. The FeAr arc lamp observations were taken immediately after the target observations. The spectrophotometric standard star G191B2B (Oke 1990 ) was also observed with an exposure time of 600s for the flux calibration. The log of spectroscopic observations is tabulated in Table 1 .
After bias subtraction and flat field correction, the onedimensional spectra were extracted using the optimal extraction method using APALL task in IRAF and wavelength calibrated using the FeAr arc lamp observations. The spectra were also corrected for the instrumental response using the sensitivity function generated from the standard star observations.
Slitless Spectroscopy
The grism slitless spectroscopic observations were obtained to identify Hα emission line stars using HFOSC of HCT on 2011 January 25 and 2013 November 08. The observations were carried out using a combination of Grism 5 (5200-10300 Å) or Grism 8 (5800-8350 Å) and the Hα broadband filter (6300-6740Å). The log of observations is shown in Table 1 . The Hα emitting sources were identified by the presence of bright spot along the slitless spectra, while non-emitting Hα sources do not show any bright spot. Thus, we have identified 16 sources as Hα emission line sources which are discussed later in sect. 3.5.3.
ARCHIVAL DATA SETS
Near-Infrared Data form UKDISS and 2MASS
Near-IR JHK photometric data towards NGC 2282 were acquired from the UKIRT Infrared Deep Sky Survey (UKIDSS, Lawrence et al. 2007 ), which were taken during the UKIDSS Galactic Plane Survey (GPS) (Lucas et al. 2008 ; data release 6). The UKIDSS GPS has saturation limits at J = 13.25, H = 12.75 and K = 12.0 mag, respectively (Lucas et al. 2008) . We therefore, replaced the saturated stars with the 2MASS PSC data. We set the 2MASS limit 0.5 magnitudes fainter than UKIDSS saturation limits following Alexander et al. (2013) . In total, 150 saturated sources in UKIDSS catalog were replaced by 2MASS sources.
Spitzer-IRAC data from warm mission
The IRAC observations in 3.6 and 4.5 µm bands (channels 1 and 2) were available in the Spitzer archive program (Program ID: 61071; PI: Whitney, Barbara A). The data sets were taken towards NGC 2282 on May 25, 2011 at various dithered positions and with integration time of 0.4 and 10.4 sec per dither. The basic calibrated Data (version S18.18.0) were downloaded from Spitzer archive 2 . The raw data were processed and the final mosaic frames were created using MOPEX (version 18.5.0) with an image scale of 1.2 arcsec pixel −1 . We performed point response function (PRF) fitting method using APEX tool provided by Spitzer Science centre on all the Spitzer IRAC images to extract the magnitudes of point sources. The detailed procedure of source detection and magnitude extraction is described in Jose et al. (2013) . We adopted zero point flux densities of 280.9 and 179.7 Jy for the 3.6 and 4.5 µm bands, respectively, following the Warm Spitzer Observer Manual. We finally detected 3049 and 2341 number of sources within 7 ′ radius around the cluster in IRAC 3.6 and 4.5 µm bands, respectively. The IRAC data of two bands were matched with a radial matching tolerance of 1.2 arcsec. Thus our final IRAC catalog contains 3304 sources, of which, 2085 sources are detected in both bands.
IPHAS data
INT Photometric Hα Survey of the Northern Galactic Plane (IPHAS) is a photometry survey using wide field camera (WFC) on the 2.5m Isaac Newton Telescope (INT) with Sloan r, i filters and Hα narrow-band filter (Drew et al. 2005; Gonzalez-Solares et al. 2008) . The data for NGC 2282 were obtained in all three bands from the data release 2 (Barentsen et al. 2014 ).
Multiwavelength Catalog
The multiwavelength catalog was built by cross-matching all the catalogs described in the above sections except IPHAS data. The JHK and IRAC data were matched with a matching radius of 2 ′′ . Before this, we performed several test matches by increasing the matching radius in step of 0.1 ′′ from 1.0 ′′ to 3.5 ′′ . We found that the matching radius of 2 ′′ is sufficient for cross-matching two catalogs. In few cases, we got more than one matching sources, and we have taken the closest one as the best match. Following the same method, we adopted the matching radius of 2 ′′ to match between IR and optical catalog. Finally, the results of each match have been visually inspected in Optical, UKIDSS, 2MASS and Table 3 . Details of the spectroscopically studied stars. Spitzer images. Our final catalog contains total 5601 number of sources within 7 ′ radius around the cluster, but all of them do not have detection in all wavelengths. The entire photometric catalog is presented in Table 2 . But, those sources with uncertainty 0.1 mag have been taken for our study to ensure good photometric accuracy.
The completeness limits at various bands were estimated from histogram turn over method (e.g. Samal et al. 2015) . We considered ∼ 90% completeness of our data from the turning points of magnitudes at which cumulative logarithmic distribution of sources in the histograms deviate from linear distribution (figures are not shown). We found that the photometric data is complete down to V = 21 mag, I = 20 mag, J = 18.5 mag, H = 18 mag, K = 17.5 mag, [3.6] = 15.5 mag and [4.5] = 15 mag, respectively. However, completeness is limited by various factors such as, variable reddening, central luminous sources, stellar crowding across the region etc. Bright extended sources, variable nebulosity, significant saturation in Spitzer-IRAC bands also limits the point source detections. The modest sensitivity of UKIDSS and Spitzer-IRAC observations significantly limits our study.
For cross-checking, the completeness limits of V -band was also estimated by the method of inserting artificial stars of various magnitude bins into the image using IRAF (e.g. Jose et al. 2013 ). The frames were reduced using the same procedure used for original frame. The V -band photometry was 100% complete down to 18 mag, reduced to ∼ 90% for 19-20 mag range, and 78% for the 21-21.5 mag range. The completeness limit obtained for V -band using artificial star injection method fairly matches with that of the histogram analysis.
ANALYSIS AND RESULTS
Stellar density and cluster radius
In order to understand the spatial structure of the cluster, we generated the stellar surface density map using the nearest neighborhood technique and following the method intro- duced by Casertano & Hut (1985) . Briefly, the stellar density σ(i, j) inside a cell of an uniform grid with centre at the
where, rN is the distance from the centre of the cell to the N th nearest source. Value of N is allowed to vary depending upon how smallest scale structures of the field are interested to study. In Fig. 3 . we have shown the surface density map which is estimated using the K-band data (K 17.5 mag with photometric uncertainty of < 0.1) for the stars towards NGC 2282 region overlaid on the UKIDSS K-band image. This map has been obtained using a grid size of 10 ′′ × 10 ′′ and N=9. As evident in the IR image of the cluster (see Fig. 1b ), the surface density map shows a more or less centrally concentrated clustering with a slight elongation along the north-south direction. We obtained the peak stellar density as 418 stars/pc 2 (96 stars/arcmin 2 ). The radius of the cluster can be considered as the semi-major axis of the outermost elliptical contour in Fig. 3 . The cluster radius was thus estimated as ∼ 3.15 ′ , which agrees well with the literature value (Horner et al. 1997) .
Spectral Classification of Optically Bright Sources
In this section we estimate the spectral types of 8 bright objects observed towards NGC 2282. The targets for lowresolution spectroscopy were selected on the basis of their brightness (J < 13 mag) around the cluster (see Fig. 1 ). The coordinates and optical magnitudes of these sources are given in Table 3 , and the flux calibrated, normalized spectra are shown in Fig. 4 . We classified the observed spectra using different spectral libraries available in the literature ( determined a specific spectral range from strong conspicuous features. For e.g., the absence of He ii 5411 Å, in a spectra constraints the spectral type as B0.5 or later. While the absence of He i 5876 Å, in a spectra limits the spectral type to A0 or later (Lundquist et al. 2014 ). Spectra of Oand B-type stars have the features of hydrogen and helium along with other atomic lines (e.g. O ii , C iii , Si iii , Si iv , Mg ii ). The He ii line strength appears weaker for late Otype stars and He ii 4686 is last visible in B0.5 (Walborn & Fitzpatrick 1990 ). If a spectrum shows He ii line at 4200 Å along with the O ii /C iii blend at 4650 Å, we can classify them to be earlier than B1. The absence of He ii 4200, He ii 4686, Mg ii 4481 and presence of weak features of silicon along with the weak O ii /C iii blends at 4070 and 4650 Å, indicates the spectral type in the range of B1−B2. For B2-type spectra, He i is in its maximum strength, but for latertype stars Si ii 4128-4130 and Mg ii gets stronger (Walborn & Fitzpatrick 1990 ). The presence of He i lines indicates that spectral type is earlier than B5−B7. The late-type sources are classified using the spectral lines TiO 5847-6058, Na i 5893, He i , Hα, Ca i 6122, 6162, Fe ii 6456. A-and Fstars are identified comparing their Hα equivalent width. The G-band (CH λ4300 Å) appears from F-type stars. Gtype stars are classified in comparisons with the equivalent width of Hα and Mg i triplet (λλ 5167, 5172, 5183 Å). Finally, each source was compared visually to the standard library spectra from Jacoby et al. (1984) . However, on the basis of the low−resolution spectroscopy of early type stars, it is difficult to distinguish the luminosity class between supergiants, giants, dwarfs and pre−main sequence stars.
Comparison with the standard spectral libraries of Jacoby et al. (1984) and Walborn & Fitzpatrick (1990) , the star ID 1 is classified as B5 V as it has no features of He ii 4200, weak features of He ii 4541 and C II 4267. The star IDs 2, 3, 4, 5 and 6 are classified as G8 V, K1 V, F7 V, F9 V and F0 V, respectively, as these stars show presence of G-band (CH 4300 Å) and Mg iii triplet (λλ 5167 Å, 5177 Å, 5183 Å), and their luminosity classes resemble better with main-sequence stars rather than super-giants or giants. The star ID 7 is classified as B2 V as it shows weak features of Si iii 4552 along with blended C iii /O ii 4070 and C iii /O ii 4650, and absence of He ii 4200, He ii 4686, and Mg ii 4481. The star ID 8 is classified as B0.5 Ve as it shows ionized helium lines at He ii 4200, He ii 4686, He ii 5411, and He ii 5720 including strong Hα, Hβ and Hγ lines in emission. Based on low-resolution spectra of our targets, an uncertainty of ±1 or more in the sub−class estimation is expected. Photometric and spectroscopic details of all the 8 sources are given in Table 3 .
Reddening towards the Region
The extinction in an embedded cluster is distributed nonuniformly. It is important to know the spatial variation of extinction of the cluster to characterize the cluster members. We estimated the K-band extinction towards NGC 2282 using 2MASS and UKIDSS data within an area ∼ 10 ′ × 10 ′ , to understand the local extinction towards the region. We measured the AK value using (H − K) colours of the stars. The sources without infrared excess ( i.e., background dwarfs and non-excess sources within the field) were used to generate the extinction map. Following Gutermuth et al. (2005), we used the grid method to measure the mean value of AK (see Jose et al. 2013 for details). Briefly, we divided the region of our interest into small grids of size 10 ′′ × 10 ′′ . The mean value and standard deviation of (H − K) colours of 5 nearest neighbor stars from the centre of each grid was measured. We rejected any sources deviating above 3σ to calculate the mean value of (H − K) at each grid position. To eliminate foreground extinction, we took only those stars having AK > 0.12 mag to generate the extinction map (Jose et al. 2013) . The (H − K) values were converted into AK using the reddening law given by Falherty et al. (2007) , i.e., AK = 1.82 × (H − K) obs − (H − K)0, where (H − K)0 is the average intrinsic colour of stars, which is assumed to be 0.2 Gutermuth et al. 2009 ). To improve the quality of the extinction map, we excluded the probable YSOs candidates (see sect. 3.5), which otherwise might show high extinction value due to near-IR excess from circumstellar disc emission. The derived extinction map is shown in Fig. 5 . The extinction within NGC 2282 varies between AV = 1.6−8.7 mag with an average extinction of AK ∼ 0.35, which corresponds to AV ∼ 3.9 mag considering the extinction ratio AK/AV = 0.090 given by Cohen et al. (1981) . The south-eastern part of the cluster found to be at relatively high extinction (AK is ∼ 0.5 mag) compared to the average extinction of the cluster.
We also verified the extinction to each spectroscopically observed source from their photometry. According to the spectral types given in Table 3 , we estimated the average interstellar extinction towards each star. We first calculated the IR colour excesses E(J − H), E(H − K), E(J − K) for each sources using their observed colours. We transformed these colour excess into visual extinction according to the extinction law, AV = E(J −H)/0.11, AV = E(H −K)/0.065, AV = E(J − K)/0.175 (Cohen et al. 1981) . Finally, we took the average AV values for each star and are given in Table 3 . The extinction of HD 289120, which is the main illuminating stars of the cluster, is AV ∼ 1.65 mag.
Distance and Membership of the Bright Sources
The projected stars against NGC 2282 could be either the young members of the clusters, background stars or foreground stars. We estimated the membership of the candidates based on their spectral types, distance, and photometry. One can derive the distance to a star from estimated spectral type, apparent magnitudes and extinction. We calculated the optical intrinsic distance modulus (V0 − MV ) and also the near-IR intrinsic distance modulus (J0 − MJ ), (H0 − MH ) and (K0 − MK). We prefer near-IR intrinsic distance modulus over optical as it is relatively less uncertain on extinction and come from simultaneous three band measurements of 2MASS data. From near-IR intrinsic distance modulus, we estimated the distance to each spectroscopically observed stars and are given in Table 3 . The intrinsic colours and absolute magnitudes are taken from Koorneef (1983) , Schmidt-Kaler (1982) and Pecaut & Mamajek et al. (2013) . The values of intrinsic distance modulus for star IDs 1 and 7 are found to be 11.01 ± 0.20 mag, 11.18 ± 0.18 mag, which corresponds to 1592 ± 147 pc and 1722 ± 135 pc, respectively. Three early B-type stars are adopted as members of the cluster. Thus, we measure the average distance to the cluster as ∼ 1650 ± 100 pc from our spectrophotometry observations. Our estimated distance agrees well with the published value in the literature (Racine 1968; Avedisova & Kondratenko 1984; Horner et al. 1997) . Considering their distances, the star IDs 2, 3, 4, 5 and 6 seem to be foreground stars. The distance to the star ID 8 could not be measured accurately, as it is an emission line star with large infrared excess due to the presence of circumstellar disc. In Fig. 6 , we show V /(B − V ) and V /(V − I) colourmagnitude diagrams (CMDs) for all the stars detected in optical photometry towards NGC 2282. Spectroscopically classified stars are also marked with red circles. The solid blue curve is the zero-age main sequence (ZAMS) by Girardi et al. (2002) shifted for the distance 1.65 kpc and reddening E(B − V ) = 0.52 mag and E(V − I) = 0.65 mag (E(B−V )/E(V −I) = 1.25 ; Cohen et al. 1981) , respectively. Since the cluster reddening is highly variable, we used the extinction of the main-sequence (MS) member, HD 289120, located at the cluster centre for corrections of theoretical isochrones. HD 289120 lie on the ZAMS locus. The star IDs 1 and 8 are also high mass members of the cluster. Though the stars with IDs 2, 3, 4, 5 and 6 fall towards right side of the ZAMS, spectroscopic analysis reveals that these stars could be foreground towards NGC 2282. For more reliable membership analysis, we used various observable signature of youthfulness such as emission at Hα, excess emission due to presence of disc to identify the probable members of the cluster (see sect. 3.5). for the identification of YSOs based on the IR colours arise from the contaminations of different non-stellar sources in IR detections such as, extragalactic objects like polycyclic aromatic hydrocarbon (PAH) emitting and star-forming galaxies, active galactic nuclei (AGN), unresolved knots of shock emission, PAH-emission contaminated apertures, etc. These sources have considerable IR colours, which could mimic the colours of YSOs in colour-colour (CC) diagram. A number of candidate YSOs could be missed in the mid-IR bands due to the limited sensitivity of IRAC observations. Hence, we identify more YSOs using their near-IR colours (UKIDSS and 2MASS) from the master catalog given in Table 2 . We used (J − H)/(H − K) near-IR CC diagram to identify the additional YSOs, but we cannot classify them in to Class I or Class II category based on their near-IR colours alone. Similarly, the presence of Hα emission is considered as a significant characteristic of a YSO with ongoing disc accretion process (e.g. Dahm 2005). We identified the Hα emission line stars from our slitless spectroscopy data and IPHAS photometry survey (see sect. 3.5.3.). Below we explain the details about the various YSO selection processes.
Identification and Classification of YSOs
Selection of YSOs from H, K, 3.6, 4.5 µm data
In order to classify the YSOs, we used IRAC 3.6 and 4.5 µm data from Spitzer and H and K near-IR data. The detection of YSOs based on the Spitzer data is limited here because NGC 2282 was observed during the Spitzer warm mission, which does not provide observations beyond 4.5 µm. Hence we missed the longer wavelength IRAC data at 5.6, 8.0 µm and MIPS at 24 µm bands for improved YSO classification. Here we classify only Class I and II objects and we do not account for Class III objects as they are indistinguishable from field stars based on the data sets used in this study. We adopted the source classification scheme introduced by Gutermuth et al. (2008 Gutermuth et al. ( , 2009 ) based on the IR colours. We first dereddened the data using our K-band extinction map (see sect. 3.3). We minimized the inclusion of extragalactic contamination by applying a simple brightness cut in the dereddened 3.6 µm photometry, i.e, all the Class I YSOs essentially have [3.6]0 15 mag and all the Class II YSOs essentially have [3.6]0 14.5 mag (Gutermuth et al. 2009 ). After removing the contaminants, we identified YSOs from ( Fig. 7 . Thus we identified 84 candidate YSOs , which includes 9 Class I and 75 Class II sources with IR excess emission. In Fig. 7 , the Class I and Class II sources are shown as the red triangles and green circles, respectively, and a reddening vector for AK = 2 mag is also plotted by using the reddening law from Flaherty et al. (2007) . The Hα emission line sources from slitless spectroscopy are marked with magenta crosses (discussed later). Fig. 8 shows the CMDs in mid-IR bands for all the uncontaminated sources along with the candidate YSOs. Our present YSO selection is incomplete as many sources in high nebulous region might have not detected at 3.6 and 4.5 µm bands as well as due to the detection limits of IRAC observations.
YSOs from Near-IR Colour-Colour Diagram
Near-IR colour-colour diagram is shown in Fig. 9a the classical T Tauri stars (CTTSs) (Meyer et al. 1997) . All the intrinsic locus and photometric data points are transformed in to the CIT (California Institute of Technology) system (Elias et al. 1982) We divide the JHK near-IR space into three regions-F, T, and P. The near-IR emission of stars in 'F' region originate from their discless photosphere. These stars are located between the upper and middle reddening vectors in the near-IR CC diagram and they are considered to be either field stars or weak-line T Tauri stars (WTTSs)/Class III sources with no or small near-IR excess. However, it is very difficult to distinguish between WTTSs with small near-IR excess and field stars from only near-IR CC diagram (Ojha et al. 2004 ). The near-IR emission of 'T' region stars arise from both photosphere and circumstellar disc ( Lada & Adams 1992) . Majority of these stars are considered to be classical T Tauri stars (CTTSs). All such sources possess accreting optically thick disc (Meyer et al. 1997) . The 'P' region stars have more near-IR colour excess at K-band, and these stars are thought to have accreting disc. Some of them might have envelope around them and they are protostellar in nature (Rice et al. 2012 ).
We also plotted the CC diagram for the reference field sources in Fig. 9b . The reference field region was chosen for the same area as that of the cluster (radius = 3.15 ′ ) and at similar photometric depth. The reference field was selected ∼ 10 ′ towards the North of NGC 2282 (α2000 = 06 h 46 m 51.06 s δ2000 = +01 0 29 m 29.9 s ), to avoid any superposition with the cluster region. A comparison of the reference field with our cluster region shows that almost all the stars in the reference field are confined below (J − H) ∼ 0.8 mag and to the left of the middle reddening vector from (H − K) ∼ 0.6 mag. Thus we assume that the 'T' and 'P' region stars are not contaminated by the field stars. Hence those sources fall in the 'T' and 'P' regions of the target field could be considered as candidate YSOs. From near-IR colour, we have selected 45 additional YSOs, which are not included in the previous YSO list (sect. 3.5.1). Only from JHK data it is not possible to distinguish Class I and Class II objects, hence we consider them as candidate YSO sources.
Selection of Hα Emission Stars from Slitless Spectroscopy and IPHAS Photometry
Using slitless spectroscopy, Hα emission-line stars were visually identified from their enhancement over the continuum. We identified 16 Hα emitting sources and they are listed in Table 4 . Of the 16, 14 sources have JHK data sets. Ten Hα emission stars are detected as YSOs from H, K, 3.6 and 4.5 µm colours (1 Class I, 9 Class II). All the Hα emission stars are plotted in the near-IR colour-colour diagram shown in 9a. The star ID 8 (see Table 3 ), which is classified as a B0.5 Ve star in the optical slit-spectroscopy with strong Hα emission, is also detected with the slitless spectroscopy and falling in the 'P' region of JHK CC diagram (See Fig. 9a ). Fig. 10 presents the IPHAS (r − i/r − Hα) CC diagram towards NGC 2282. Black filled circles are the sources brighter than r < 20 with photometric uncertainty of < 0.1 mag in IPHAS DR2. The identified sources are marked in Fig. 10 . Two nearly vertical black and green lines represent the trend for an unreddened Rayleigh-Jeans continuum and the case of an unreddened optically thick disc accretion continuum, respectively (Barentsen et al. 2014) . The black broken lines are the predicted lines of constant net emission EW. The solid and broken blue lines indicate the locus of unreddened main-sequence and that of the mainsequence stars having an Hα emission-line strength of −10 Å EW, respectively. The main-sequence emission line with EW −10 Å is chosen as CTTS threshold for Hα emission stars. However, it is difficult to confirm CTTSs solely on the basis of IPHAS photometry (Barentsen et al. 2014 ).
Other possible Hα emission objects are evolved massive stars (e.g. Be stars, Wolf-Rayet stars, luminous blue variables), evolved intermediate-mass stars (e.g. Mira Variables, unresolved planetary nebulae) and interacting binaries (e.g. cataclysmic variables, symbiotic stars). (Barentsen et al. 2011; Corradi et al. 2008) . We selected 44 sources as Hα emitting stars, which are located above the 3σ confidence level from CTTSs threshold as mentioned above. Out of 16 Hα emitting sources detected from slitless spectroscopy, 15 have IPHAS photometry, but only 10 satisfy the conditions for Hα emitting stars using IPHAS photometry. This difference could be due to the variable Hα emission activities in PMS sources as well as due to the different detection limits for these two observations. Thus we have selected 50 Hα emitting sources from slitless spectroscopy and IPHAS photometry. Among those 50 Hα emitting sources, 24 are classified as Class II and 3 are classified as Class I sources. Including these Hα emission sources, and the YSOs selected from mid-IR and near-IR colours in sect. 3.5.1 and sect. 3.5.2, we have 152 candidate YSOs in NGC 2282 region, and the details are presented in Table 4 .
DISCUSSION
Near-IR Colour-Magnitude Diagram
The near-IR CMD is a useful tool for understanding the nature of YSOs in the embedded star-forming regions. The near-IR CMD (K vs (H − K)) for all the stars detected towards NGC 2282 cluster is shown in Fig. 11a . The identified all sources are marked. A reference field of same area and at similar photometric depth is also shown in Fig. 11b Flaherty et al. (2007) . The membership of any YSO relies on the fact that they are mainly found in the cluster area rather than in the surrounding field. We considered only those YSOs within the cluster area (radius = 3.15 ′ ) to determine the cluster parameters. In the CMD given in Fig. 11a , we can see that majority of the YSOs are located within B2 to K6 spectral type. Majority of Hα emission objects fall within B0 to F0 spectral type. A Herbig Ae/Be type star, determined as B0.5 from spectroscopic observations, falls close to B0 vector with AV ∼ 10 mag. This estimate matches well with the spectroscopic observations (sect. 3.2). The YSOs, determined from IR CC diagrams, share IR space with many unclassified sources marked as black dots. These might be the background sources or the weak line T Tauri sources, which are not included in our YSO survey. Spectroscopic observations are necessary for the confirmation of their membership.
Optical Colour-Magnitude Diagram of YSOs
An Optical CMD, V vs (V −I) of YSOs is plotted in Fig. 12 . It is an important tool to estimate the approximate ages and masses of YSOs. The solid curve in Fig. 12 represents the ZAMS, taken from Girardi et al. (2002) corrected for the cluster distance 1.65 kpc and reddening of E(B − V ) = 0.52 mag (E(V − I) = 0.65 mag) (see sect. 3.3 & 3.4) . We have used the PMS isochrone and evolutionary tracks of Bressan et al.(2012) to determine the ages and masses of the YSOs. The PMS isochrones for Siess et al. (2000) is also plotted for comparison. The ages and masses of YSOs have been estimated by comparing their locations on the CMD with PMS isochrones of various ages after correcting for the distance and extinction. Since the reddening vector is nearly parallel to the isochrones, a small extinction variation would not have much effect on the age estimation of YSOs.
We have compiled V I photometry for the YSOs, and compare their positions on the CMD to theoretical model isochrones. The CMD positions of YSOs seem to be adequately fit between 1−10 Myr. Different models at low-mass end differs significantly as we can see in Fig. 12 . The average age of the YSOs seem to be ∼ 2-5 Myr, which we considered as the average age of the cluster.
Mass Distribution
Since YSOs show excess emission at longer wavelengths, K/H − K CM diagram is not a suitable tool to understand the mass distribution of YSOs. We used J vs (J −H) CM diagram to reduce the effect of excess emission. Fig. 13 shows the J/(J − H) CM diagram for all the YSOs detected from IR colour-colour diagrams (Fig. 7, 9a, 10 ). The ZAMS of Giradi et al. (2002) corrected for the cluster distance of 1.65 kpc is used for comparison in Fig. 13 . The PMS isochrones for 2.0 Myr and 5.0 Myr are taken from Bressan et al. (2012) .
It is apparent from Fig. 13 that majority of the candidate YSOs have masses ∼ 0.1−2 M⊙. Few candidate YSOs (e.g. ID = 8, asterisk mark) seem to be apparently more massive and we can not determine their parameters properly as they are highly embedded. Since the low-mass end of the isochrones are very close to each other, a change of ∼ 1−2 Myr in age would not change the masses drastically. Thus we used a representative age of those YSOs as 2 Myr. However, such mass estimation could be associated with several errors such as presence of binary companions, circumstellar envelope, variable stars and other unknown excess emissions etc. (Samal et al. 2014 ).
Spatial Distribution of YSOs
Spatial distribution of YSOs in the young clusters traces the star-forming history of that cloud. Fig. 14 shows the spatial distribution of the candidate YSOs within NGC 2282 (red triangles: Class I; green circles: Class II; Blue squares: candidate PMS stars and magenta crosses: Hα emission sources) overlaid on the IRAC 3.6 µm mosaic image. From Fig. 14 , it is apparent that majority of YSOs are concentrated at the core region of the cluster (see sect. 3.1). Majority (∼ 70%) of the Hα emitters including IR excess emitters are located in the core region, and some are scattered in the northern side of the cloud. A secondary peak is seen towards the South-Eastern part of the cluster, which harbors a Herbig B0.5 Ve star. An interesting arc is visible from East to West through North. No significant population of YSOs are seen in the Western part of the cloud. While a significant and scattered population towards North-East part of the cloud, particularly Class II, are visible. The extinction map is overplotted in Fig. 14 and it shows that majority of the YSOs are crowded mainly in the central (low extinction) areas of the region.
Disc Fraction and Age of the Cluster
YSOs are surrounded by circumstellar disc of gas and dust and the Near-IR excess emission originates from the disc (Lada & Adams 1992) . The fraction of sources with excess over the entire number of sources would give an approximate age of the cluster. The disc fraction remains very high ( 80 %) at early stages (∼ 0.3 Myr) of the clusters and decreases with the increasing age (Haisch et al. 2001) . The disc lasts for small time scale of about ∼ 3−15 Myr (Strom et al. 1989; Lada & Lada 1995; Haisch et al. 2001; Hillenbrand 2002; Hernández et al. 2007 ) and disc fraction reaches to one-half in 3 Myr time scale (Haisch et al. 2001) . The NGC 2282 cluster is physically associated with molecular cloud, which indicates that the cluster has an age of < 10 Myr (Leisawitz et al. 1989) .
We have detected total 1050 objects from our observations within 3.15 arcmin of the cluster radius. While in similar depth of observations and area on reference field, we have detected 856 stars. After removing the field star contribution, the number of objects associated the cluster area would be ∼ 203. The number of candidate YSOs from H, K, 3.6, 4.5 µm data is 72 in the cluster area, while from J, H, K data the number is 40. All disc bearing Hα stars are detected as the IR excesses sources. Hence, the total number of IR excess sources within NGC 2282 is 112. Thus we estimated the disc fraction of NGC 2282 as ∼ 58% ± 6%. If we consider the IR excess sources from mid-IR data only, the disc fraction is ∼ 37% ± 5%. This disc fraction estimated in NGC 2282 is significantly larger than that of Horner et al. (1997) . This is mainly because the detection limit of current study is much deeper than the former one. From disc-fraction, the age of the cluster could be in the range ∼ 2−5 Myr, which is in agreement with the CMD analysis.
SUMMARY AND CONCLUSIONS
In this paper, we have presented multiwavelength studies of a young cluster NGC 2282 in Monoceros constellation, using deep optical BV I observations complimented with the archival data sets from IPHAS, UKIDSS, 2MASS and mid-IR data from Spitzer 3.6 and 4.5 µm. We have also used the spectroscopy observations of 8 bright sources in the cluster region. The main results are summarized as follows:
(i) We have analysed the stellar surface density distribution of K-band data using nearest neighborhood technique. The radius of the cluster has been estimated to be ∼ 3.15 ′ from the semi-major axis of the outer most elliptical contour.
(ii) We have estimated the spectral types and membership status of 8 bright sources located inside the cluster area using conspicuous lines and comparison of equivalent widths. We have identified three early B-type members in the cluster. Among these B-type massive members, HD 289120, a B2V type star was classified earlier, and two stars ( a Herbig Ae/Be star and a B5 V ) are classified for the first time in this work. We have estimated the distance to the cluster as ∼ 1.65 kpc from spectrophotometric analysis of those massive members.
(iii) The K-band extinction map is estimated from (H − K) colours using nearest neighborhood technique, and the mean extinction within the cluster area is found to be AV ∼ 3.9 mag. The extinction within the cluster region seem to be non-uniform.
(iv) From slitless spectroscopy, we have identified 16 Hα emission line stars. Another 34 Hα emission line stars are identified from IPHAS data, totaling 50 Hα emission line stars towards the region.
(v) Using Gutermuth et al. (2008; ) scheme, we have classified 9 Class I and 75 Class II objects from mid-IR data. Other candidate YSOs are identified from near-IR (J − H)/(H − K) CC diagram. We have identified 152 candidate YSOs from IR excess and Hα emission towards the region.
(vi) We characterized these YSOs from various colourmagnitude diagrams. From V /(V − I) CMD, we have estimated the cluster age which is in the range of ∼ 2−5 Myr. From mid-IR data, we have estimated the disc fraction of ∼ 58%, which corresponds to an age of ∼ 2-5 Myr. The masses of the candidate YSOs are found to be in the range ∼ 0.1 to 2.0 M⊙ in the J/(J − H) CMD.
(vii) The morphology of the region has been studied from spatial distribution of YSOs, stellar density distribution, signature of dust in various optical-infrared images along with the extinction map. 
